M ultidrug-resistant tuberculosis (MDR-TB), defined as resistance to at least isoniazid and rifampicin, is a major threat to tuberculosis (TB) control and, as mentioned in the 2013 World Health Organization (WHO) global tuberculosis report, the world is 'off track' in achieving targets for MDR-TB treatment. 1 There were an estimated 450 000 new cases of MDR-TB worldwide in 2012, and the reported treatment success rate was only 48%. 1 Among MDR-TB patients with poor treatment outcomes, the majority were due to loss to follow-up (LFU) during treatment (previously termed treatment default). 2 According to the WHO, LFU is defined as an interruption of anti-tuberculosis treatment of at least 2 consecutive months. MDR-TB patients who are lost to follow-up have an increased risk of TB-related death and of transmitting drug-resistant TB in the community. 3 The highest rates of MDR-TB are observed in Eastern European countries, including Georgia, which is one of the WHO-designated 27 high MDR-TB burden countries. 1 In 2012, MDR-TB prevalence was respectively 11% and 32% among new and retreatment TB cases. In 2009, with the assistance of the Green Light Committee (GLC), Georgia became one of the first lower-middle-income countries to provide universal access to diagnosis and treatment of MDR-TB. However, initial MDR-TB treatment outcomes were suboptimal. In an analysis of the first cohort of MDR-TB patients in Georgia who started treatment in 2009, 22% of patients were lost to follow-up. 4 LFU rates were also high, at 20%, in a more recent cohort of children receiving treatment for MDR-TB in Georgia. 5 LFU rates in Georgia are similar to the high rates reported among MDR-TB patients globally. 6 These very high rates highlight the challenges of adherence to treatment and treatment completion among MDR-TB patients for National TB Programmes (NTP) worldwide. Understanding the risk factors associated with LFU would help NTPs to plan effective interventions for addressing this problem. This was the basis for the present study, along with a 2013 directive of the GLC and Global Drug Facility (GDF) Joint Country Mission that recommended an updated strategy to reduce the high LFU among patients with MDR-TB.
The specific objectives of this study were to assess, among MDR-TB patients in Georgia, 1) the proportion of patients lost to follow-up, 2) time of LFU, 3) culture conversion status at LFU, and 4) characteristics associated with LFU. This information will help prioritise future public health interventions aimed at reducing LFU and halting the spread of MDR-TB.
METHODS

Setting
The Ministry of Health oversees TB control in Georgia (population 4.5 million), 7 and TB diagnosis and treatment is provided free of charge for the patients through the National Centre for Tuberculosis and Lung Diseases (NCTLD, Tbilisi, Georgia). The Global Fund to Fight AIDS, Tuberculosis and Malaria (Geneva, Switzerland) funds the procurement of quality-assured anti-tuberculosis drugs through the GDF mechanism.
Second-line drug (SLD) regimens were individualised based on drug susceptibility testing (DST) results, guided by WHO criteria. 8 The regimens were designed to include four or more active drugs based on the DST results, and included a fluoroquinolone and an injectable. According to country guidelines, an injectable Public Health Action SORT IT Eastern Europe, 2012-2014 S42 agent was given for a minimum of 8 months. All treatment is given by directly observed therapy (DOT). In 2008-2012, food vouchers were given to patients with MDR-TB receiving out-patient treatment; however, the voucher programme was discontinued in January 2013.
As standard of care in Georgia, patients with confirmed MDR-TB are admitted to an MDR-TB ward at one of four TB hospitals for the initiation of the intensive phase of treatment. Patients are recommended, but not required, to remain hospitalised at least until their sputum smears convert to negative. After discharge, patients with MDR-TB are referred to out-patient TB units (TB clinics) for the continuation phase of treatment. TB medications are delivered to TB units by NCTLD coordinators. The patient visits the clinic to receive DOT from a nurse.
Study design, population and period
A retrospective cohort study design was utilised. All patients in the country of Georgia with MDR-TB and registered in the civil sector for treatment at the NCT-BLD in Tbilisi, Georgia, and affiliated centres throughout the country from January 2009 to December 2011 were included in the study.
Laboratory
Culture and DST were performed at the Georgian National TB Reference Laboratory. All patients had DST-confirmed MDR-TB. Sputum cultures were performed monthly until three consecutive negative culture results had been obtained, and then every 3 months until treatment completion. For all Mycobacterium tuberculosis-positive sputum cultures, first-and second-line DST were performed using the absolute and proportion concentration methods, respectively, as previously described. 9
Data management and analysis
All data were extracted from the electronic National TB Surveillance database. Variables collected included treatment start and completion dates, patient demographics, history of incarceration, drug use, comorbidities, history of anti-tuberculosis treatment, culture conversion dates and treatment outcomes (per WHO definitions 2 ).
Analyses were performed using Stata v12.1 (Stata Corp, College Station, TX, USA) and SAS v9.3 (Statistical Analysis System Institute Inc, Cary, NC, USA). Descriptive statistics were used to determine time to LFU among patients with MDR-TB, and to compare characteristics between patients with LFU and those with a successful outcome (defined as cure or completed treatment). Patients with extensively drug-resistant TB, or those who died, failed treatment or were transferred out, were not included in the analysis. A Cox proportional hazards model was used to assess risk factors for time to LFU. An alternative Cox proportional hazards model comparing LFU vs. all other treatment outcomes (including those who died or failed treatment) was also performed. Model building and selection were based on purposeful selection of covariates, as previously described. 10 P  0.05 was considered significant.
Ethics
The study was approved by the Ethics Advisory Group of the International Union Against Tuberculosis and Lung Disease, Paris, France, and the Institutional Review Boards of the National Center for Disease Control and Public Health (NCDC) in Tbilisi, Georgia, and Emory University in Atlanta, GA, USA.
RESULTS
During 2009-2011, 1593 patients were initiated on MDR-TB treatment in Georgia, of whom 458 (29%) were lost to follow-up. Of the 1593 patients, 353 (22%) were excluded from data analysis for the following reasons: extensively drug-resistant TB (defined as MDR-TB plus resistance to a fluoroquinolone and an injectable), treatment failure, transfer out, death, and either no final outcome available or missing data ( Figure 1 ). A total of 1240 patients were thus included in the analysis of risk factors for LFU. Of these, 845 had a successful outcome and 395 were lost to follow-up.
The demographic and disease characteristics of the MDR-TB patients included (n = 1240) are summarised in Table 1 . Among the overall cohort, the majority of patients were male (73%); the mean age was 36.2 years. The proportion of previously treated patients (57%) was high, and approximately one fifth had a history of incarceration. Over one third of patients reported use of alcohol (34%) or tobacco (36%), while the rate of illicit drug use (4%) and co-infection with the human immunodeficiency virus (3%) was low. A similar number of patients initiated treatment in 2009 (n = 420) and 2011 (n = 428), with a slight dip in 2010 (n = 382). Approximately half of all patients initiated treatment in Tbilisi, with the rest receiving treatment in other regions of Georgia.
There were numerous differences in characteristics among those lost to follow-up vs. patients with a favourable outcome ( Table 1) . Patients who were lost to follow-up were significantly more likely to be male (81% vs. 69%), have a history of incarceration (26% vs. 15%), illicit drug use (6% vs. 3%), tobacco use (44% vs. 32%), to have received previous anti-tuberculosis treatment (62% vs. 54%), have pulmonary disease (96% vs. 91%) and have baseline smear-positive results (70% vs. 58%) than patients with a favourable outcome. The culture conversion rate at 2 months was also significantly lower in LFU patients vs. those with a favourable outcome (18% vs. 26%, respectively).
With regard to timing of LFU, the median time of follow-up among patients lost to follow-up was 10 months (interquartile range 5-17); 161 patients (41%) were lost to follow-up during the first 8 months of MDR-TB treatment, 81 (20%) during the next 9-12 months and 152 (39%) after 12 months of initiating MDR-TB treatment (Figure 2 ). At the time of LFU, 61% of patients (241/395) had achieved culture conversion. The culture conversion rate at the time of LFU was much lower in patients interrupting treatment during the early period (37%) than compared to those lost to follow-up from 9 to 12 months (73%) or after 12 months (80%) of starting MDR-TB treatment ( Figure 3 ). no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript. 
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The results of the univariate and multivariate survival analyses for risk factors for time to LFU are shown in Table 2 . In multivariate analysis, factors associated with LFU included male sex, illicit drug use, tobacco use, history of previous anti-tuberculosis treatment, site of TB disease, and place and year of initiating treatment. Achieving culture conversion at 2 months (hazard ratio 0.76, 95%CI 0.59-0.99) had a protective effect against LFU. The alternative model comparing LFU vs. all other treatment outcomes found similar results (results not shown); however, unknown illicit drug use status and culture conversion at month 2 were no longer significant in multivariate analysis.
DISCUSSION
In this study, we found that 29% of all patients initiating treatment for MDR-TB during 2009-2011 were lost to follow-up during treatment, and that 40% had not achieved culture conversion at the time of LFU. A similarly high rate of LFU among MDR-TB patients has been demonstrated in other studies, 6 and these data together illustrate the immense challenges in achieving completion of currently recommended SLD regimens for MDR-TB. Our LFU rate was also substantially higher than the WHO recommended target of 5%. 11 We identified a combination of various patient and treatment characteristics that were associated with LFU; reducing LFU will take a multipronged approach targeting multiple elements.
About 40% of LFU occurred early during the intensive phase (first 8 months), and two thirds of these patients were culture-positive at the time of LFU. While a previous study from Peru found the same rate of culture positivity (40%) at the time of LFU, 3 no other studies have reported on the rate of culture conversion at the time of LFU. Given the higher rates of culture positivity, patients with early LFU are at a higher risk of spreading MDR-TB disease in the community and of having a poor long-term outcome. 3 Furthermore, the reasons for LFU are likely to be different. Adverse events may be more likely to be responsible for LFU during the intensive phase of treatment, when patients are receiving an injectable agent. Previous studies evaluating severe adverse events during MDR-TB treatment found that approximately 65% occur in the first 6 months of treatment. 12, 13 Unfortunately, there is no standard system for reporting drug-related adverse events or management in Georgia. The only insight available comes from a United States Agency for International Development TB Prevention Project in Georgia, in which MDR-TB patients who were lost to follow-up were contacted and interviewed. The study found that 50% of patients with MDR-TB reported treatment-related side effects as the most important reason for LFU. 14 As injectable agents and current SLDs will likely continue to be used for at least the next few years, proper reporting and management of adverse events is an essential component of MDR-TB treatment. 8, 15 To ensure proper treatment of adverse events, continual training of TB health care workers (HCWs) on the management of SLD-related adverse events will be needed.
Our study identified several patient characteristics that were associated with a higher risk of LFU. The use of illicit drugs was probably underreported in our study, although it showed a statistically significant association with LFU. Excessive alcohol consumption was associated with LFU in univariate analysis; however, the definition of excessive alcohol consumption was not standardised and was evaluated by physicians subjectively. This was one of the main risk factors for interruption of and non-adherence to treatment in the study conducted in Tomsk oblast, Russia. 16 We recommend that all MDR-TB patients be screened routinely for the presence of the risk factors identified in this study; those who have these risk factors should be prioritised for intensive follow-up care. They should also be linked to other support services such as opioid substitution therapy, treatment of alcohol addiction and tobacco cessation services. While results on the effectiveness of patient incentives vary, cash incentives have been seen to perform better than non-cash incentives in improving patient adherence and retention. 17 The country plans to re-launch its comprehensive package of adherence interventions (cash incentives) in 2014.
Two treatment-related factors associated with LFU were year and location of treatment initiation. Later year of treatment enrolment has been found to be associated with higher LFU rates in many studies and is thought to be secondary to a decreasing abil- Public Health Action SORT IT Eastern Europe, 2012-2014 S44 
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High LFU among MDR-TB patients in Georgia S45 ity to provide individualised patient-centred care as the total MDR-TB cohort size increases. 6, 18 The HCW-patient ratio may decrease, and limited NTP financial resources are spread over an increasing number of patients. In Georgia, the total number of MDR-TB patients on treatment steadily increased from 2009 to 2011 and may have been responsible for higher LFU rates for the reasons given above. The NCTLD hospital and affiliated clinics in Tbilisi care for the majority of MDR-TB patients in the country, and for the reasons described, this may lead to a higher rate of LFU than in other regions, where more patient-centred, decentralised care is possible. An additional factor that is likely responsible in part for the higher LFU seen in 2011 is a recent trend of patients from former Soviet Union countries, including Georgia, seeking care in other countries. A 2013 report describes the high rate of Georgian MDR-TB patients seeking care in France, including 26 patients in 2012. 19 These findings indicate an urgent need to evaluate patient perception of care in Georgia and find ways to improve MDR-TB management.
The main strengths of our study include a large population-based study cohort, the inclusion of culture conversion status at time of LFU, and adherence to the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) guidelines for reporting on observational studies. 20 Limitations include use of retrospective, routine programme data, which may be subject to unrecognised errors, lack of information on adverse drug events and comorbidities, including diabetes and mental health disorders, which were not systematically documented. The absence of hospitalisation dates also prevented us from assessing the effect of duration of hospitalisation on LFU.
In conclusion, our study found an alarmingly high rate of LFU among MDR-TB patients and a high rate of culture positivity at the time of LFU. Patients who are lost to follow-up are a threat to the spread of disease in the community, and based on our results a multipronged strategy is needed to address this urgent problem.
The following country-specific recommendations could be made:
• To improve adverse drug reaction management by setting up a pharmacovigilance system linked to the electronic TB database • To train HCWs in the management of side effects of anti-tuberculosis medicines • Screening on risk factors identified by the study and intensive follow-up • Incentives for patients and service providers • Decentralisation of treatment facilities within Tbilisi to improve the HCW-patient ratio per treatment centre. Т уберкулез с множественной лекарственной устойчивостью (МЛУ-ТБ), определяемый как устойчивость минимум к изониазиду и рифампицину, является основной угрозой для борьбы с туберкулезом (ТБ) и, как говорилось в Отчете Всемирной организации здравоохранения (ВОЗ) о глобальной борьбе с ТБ, мир еще далек от достижения целевых показателей по лечению МЛУ-ТБ. 1 В 2012г. расчетное число новых случаев МЛУ-ТБ в мире составило 450 000; а зарегистрированный показатель успешности лечения -всего 48%.1 Большинство неблагоприятных исходов лечения МЛУ-ТБ были обусловлены потерей больных для дальнейшего наблюдения (ПДН) во время лечения (по действующему ранее определению «отрыв»). 2 Согласно определению ВОЗ, ПДН определяется как прерывание противотуберкулезного лечения на 2 месяца подряд и больше. Потерянные для дальнейшего наблюдения больные МЛУ-ТБ подвержены более высокому риску смерти от ТБ и представляют угрозу дальнейшего распространения лекарственно устойчивого туберкулеза в сообществе. 3 Самые высокие показатели МЛУ-ТБ наблюдаются в странах Восточной Европы, включая Грузию, которая входит в число 27 стран мира с высоким бременем МЛУ-ТБ, по определению ВОЗ. 1 В 2012г. распространенность МЛУ-ТБ составила соответственно 11% и 32% среди впервые выявленных и ранее леченных больных ТБ. В 2009г. при поддержке Комитета зеленого света (КЗС) Грузия стала одной из первых стран с уровнем дохода ниже среднего, обеспечившей всеобщий доступ к диагностике и лечению МЛУ-ТБ. Однако исходные результаты лечения МЛУ-ТБ были далеки от идеальных. Анализ первой когорты больных МЛУ-ТБ в Грузии, начавших лечение в 2009г., показал, что 22% больных были потеряны для дальнейшего наблюдения. 4 Показатели ПДН были также высокими -на уровне 20% в более поздней когорте детей, получавших лечение по поводу МЛУ-ТБ в Грузии. 5 Показатели ПДН больных в Грузии аналогичны высоким показателям ПДН больных МЛУ-ТБ во всем мире. 6 Эти высокие цифры подчеркивают проблемы Национальных программ борьбы с ТБ (НПТ) во всем мире с сохранением приверженности больных МЛУ-ТБ лечению и завершением ими полного курса лечения. Понимание факторов риска, связанных с потерей больных для дальнейшего наблюдения, поможет НПТ спланировать эффективные программные мероприятия для решения этих проблем. Это послужило основой для проведения данного исследования, наряду с директивой совместной страновой миссии КЗС и Глобального механизма по обеспечению противотуберкулезными препаратами (GDF) от 2013г., рекомендовавшей пересмотренную стратегию, направленную на уменьшение числа ПДН больных МЛУ-ТБ.
Конкретные цели исследования заключались в оценке следующих параметров МЛУ-ТБ в Грузии: 1) доли больных, потерянных для дальнейшего наблюдения, 2) времени ПДН, 3) статуса прекращения бактериовыделения по посеву на момент ПДН, и 4) характеристик, связанных с ПДН. Эта информация поможет определить приоритетность будущих программных мероприятий общественного здравоохранения, направленных на уменьшение числа ПДН и остановку распространения МЛУ-ТБ. Public Health Action SORT IT: ТБ В ВОСТОЧНОЙ ЕВРОПЕ, 2012-2014 S48 побочных явлений является важнейшим компонентом лечения МЛУ-ТБ. 8, 15 Медицинские работники фтизиатрической службы должны непрерывно обучаться выявлению, правильному ведению и коррекции побочных клинических явлений. Наше исследование выявило ряд индивидуальных характеристик больных, связанных с более высоким риском ПДН. Частота потребления наркотиков, вероятно, была занижена в нашем исследовании, однако была выявлена статически значимая связь между потреблением наркотиков и ПДН. Одномерный анализ показал связь чрезмерного употребления алкоголя с ПДН; однако определение чрезмерного употребления алкоголя не было стандартизовано и субъективно оценивалось лечащим врачом. Это было основным фактором риска прерывания лечения и несоблюдения режима химиотерапии в исследовании, проведенном в Томской области, России. 16 Мы рекомендуем проводить регулярный скрининг всех больных МЛУ-ТБ на наличие факторов риска, выявленных в нашем исследовании; при их выявлении больные нуждаются в более пристальном и интенсивном наблюдении. Они нуждаются также в оказании им иной поддержки и помощи, например, в проведении опиоидной заместительной терапии, лечении от алкогольной зависимости и курения. Несмотря на то, что эффективность системы поощрений больных варьируется, доказано, что выплата денежных поощрений эффективнее немонетарных поощрений улучшает приверженность больных лечению и удерживает их на лечении. 17 Страна планирует заново за- 
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